To study the role of matrix-associated regions (MARs) in establishing independent chromatin domains in plants, two transgenes were cloned between chicken lysozyme A elements. These transgenes were the neomycin phosphotransferase (NPTII) gene under control of the nopaline synthase (nos) promoter and the P-glucuronidase (GUS) gene controlled by the double cauliflower mosaic virus (dCaMV) 35s promoter. The A elements are! supposed to establish an artificial chromatin domain upon integration into the plant DNA, resultlng in an independent unlt of transcriptlonal regulation. Such a domain is thought to be characterized by a correlated and position-independent, hence copy number-dependent, expression of the genes within the domain. The presence of MARs resulted ln a hlgher relative transformatlon efficiency, demonstrating MAR influence on NPTll gene expression. However, variatlon in NPTll gene expression was not significantly reduced. The selection bias for NPTll gene expression during transformation could not fully account for the lack of reduction in variation of NPTll gene expression. Topological interactions between the promoter and A element may interfere with the A element as a domain boundary. In contrast, the GUS gene on the same putative chromatin domain showed a highly significant reduction in variation of gene expression, as expected from previous results. Surprisingly, no copy number-dependent GUS gene expression was obsewed: all plants showed approximately the same GUS activity. We concluded, therefore, that dCaMV 35s-GUS gene expression in mature tobacco plants is ngulated by some form of dosage compensation.
INTRODUCTION
Genetic transformation of plants generally results in individual transformants with highly variable levels of transgene expression (Peach and Velten, 1991; Nap et al., 1993a) . One extreme in this wide range of gene expression levels is the fully silenced transgene; examples have been better documented in recent years (Kooter and MOI, 1993; Finnegan and McElroy, 1994; Flavell, 1994) . The variation between transformants hampers the analysis of plant regulatory sequences and the exploitation of plant genes by the transgenic approach. More insight into the cause and characteristics of this variation is likely to be important for our understanding of the regulation of (trans)-gene expression in a plant genome. The between transformant variation is usually attributed to position effects due to differences in the integration site of the newly introduced DNA (Dean et al., 1988; Peach and Velten, 1991) and/or to differences in To whom correspondence should be addressed.
T-DNA copy number or T-DNA organization (Breyne et al., 1992b; Assaad et al., 1993; Hobbs et al., 1993) .
The presence of matrix-associated regions (MARs) around reporter genes has been shown to reduce the variability of transgene expression in animal cells (Stief et al., 1989) as well as in plant calli (Breyne et al., 1992a) . We have previously demonstrated that one of the better characterized animal MARs, the chicken lysozyme A element, has specific affinity for tobacco nuclear matrices and lacks general enhancer activity in plant cells (Mlynárová et al., 1994) . Cloning the A element around the P-glucuronidase (GUS) gene (uidA), under control of a promoter from the potato light-harvesting complex-related Lhca3.St.l gene, showed slight reduction in the variability of GUS gene expression in mature transgenic tobacco plants (Mlynárová et al., 1994) . Similar reductions have recently been obtained with bean phaseolin MAR sequences in transgenic tobacco (van der Geest et al., 1994) . In contrast, when the A elements were placed just inside the T-DNA borders, flanking the GUS reporter gene as well as the neomycin phosphotransferase II (NPTII) selection gene (aphA2), we have observed a much stronger reduction in the variability of GUS gene expression (Mlyndrovd et al., 1994) .
In addition, the reduced variability revealed a strong correlation between copy number and leve1 of GUS gene expression for plants carrying up to two copies of the T-DNA. These data support the DNA loop model for the regulation of plant (trans)gene expression.
The DNA loop model for eukaryotic gene expression is based upon in vitro experiments with animal interphase nuclei or mitotic chromosomes. After selective extraction of histones, independent loops of DNA could be observed. MAR elements are thought to form the boundaries of these DNA loops in the interphase nucleus. This way, they either insulate genes within the loop from the influences of surrounding chromatin (Laemmli et al., 1992) or prevent mislocalization of genes into heterochromatin (Dorer and Henikoff, 1994) . This shielding of the transgene(s) is predicted to yield position-independent expresSion of transgenes, resulting in a copy number-dependent expression of transgenes (Stief et al., 1989; Schlake et al., 1994) . The DNA loop hypothesis furthermore predicts that flanking transgenes with MAR elements will create a more independent, coordinatedly regulated transcriptional unit of gene regulation.
Here, we address these predictions of the DNA loop hypothesis for transgene expression in mature transgenic plants by analyzing gene expression of two genes placed on an artificial MAR-flanked chromatin domain. Our results showed that a significant reduction in variation of gene expression was conferred upon the GUS gene driven by the double cauliflower For all three plant transformation vectors, the relative positions and orientations of the GUS gene, the dCaMV 35s promoter, the nos promoter, the NPTll gene, and the two nos terminators (black triangles) are shown with respect to the left border (LB) and right border (RB) of the T-DNA. Tables 2 and 3) ; therefore, the percentage and number of shoots given for bars D are corrected for the relative number of shoots from which the DNA was examined for both border fragments by DNA gel blot analysis. As a result, the numbers are not identical to the numbers given in Table 2 . The populations of plants were named according to the T-DNA construct that they contained.
mosaic virus (dCaMV) 35s promoter, but this reduction was not accompanied by a copy number dependence of gene expression. Despite the presence of the chromatin boundary elements, the two genes within the presumed loop showed no correlated regulation of expression.
RESULTS

lmproved Relative Transformation Efficiency
The T-DNA of the plant transformation vectors used in this study are depicted in Figure 1 . In contrast to the transformation vectors described previously (Mlynárová et al., 1994) , the orientations of the promoter-gene cassettes and the A elements in the three vectors were now identical with respect to the T-DNA borders. For each of these three plant transformation vectors, more than 60 independent tobacco transformants were regenerated. Shoots that rooted in the presence of 50 pg/mL kanamycin were considered transgenic. Because the NPTll selection gene is located adjacent to the right T-DNA border sequence, it is possible that not all transgenic plants carry the GUS reporter gene. Therefore, all plants shown by DNA gel blot analyses not to contain an intact copy of the GUS gene were discarded from subsequent analyses. Overall, tobacco shoot regeneration was to0 frequent to permit accurate determination of transformation frequencies relative to the number of leaf discs cocultivated. Therefore, alternative measures of transformation efficiencies were used. In Figure 2 , the proportions of shoots rooting in the presente of kanamycin, of plants carrying the GUS gene, and of plants carrying one complete T-DNA are presented (see following discussion). A binomial test (Sokal and Rohlf, 1981) showed that pLMS(ANGA) transformed significantly better than did the other two T-DNA constructs, taking either rooted (P < 0.001) or GUS gene-containing (P < 0.05) plantlets as an indication of transformation efficiency. The total number of shoots that regenerated from leaf discs transformed with pLMS(ANGA) was less than the number regenerating from discs transformed with pLMB(NAGA) or pLMS(NG) (data not shown). Despite this result, pLMS(ANGA) yielded the highest number (and percentage) of transgenic plants with one intact copy of the T-DNA (Figure 2 ; P < 0.001). We also observed this result with a similar construct having the light-harvesting complex-related promoter (MlynArovA et al., 1994) . Apparently, the transformation with pLMS(ANGA) results in a higher frequency of single, intact T-DNA integrations. (Table 1) . Compared with the LMS(NG) control population, the LM9(ANGA) population showed a significant, sevenfold reduction in the variation of GUS gene expression levels (Table 1) . Similarly, the LM8-(NAGA) population showed a twofold reduction. Although mean GUS activity was significantly higher in the LMB(NAGA) and LMS(ANGA) populations (Table l) , maximum activity was similar in all three populations ( Figure 3 ). In most plants expressing the GUS gene, the amount of NPTll protein was determined with an ELISA-based assay. Amounts of NPTll protein were determined in leaves of in vitro-grown plantlets. In greenhouse-grown plants, the background was to0 high when this assay was used. In four plants from the LM5(NG) population, one plant from the LM8(NAGA) population, and three plants from the LMS(ANGA) population, the NPTll gene was present without resulting in detectable amounts of NPTII. The results with these individual plants are shown in Figure 4 but were omitted from the statistical analyses (Table
MAR-GUS
The natural logarithm (In) of GUS activity of each individual transformant known to contain the GUS gene is plotted for each plant population, named according to the T-DNA construct contained. The vaiue plotted is the mean (n = 4) of the natural logarithms of the activities in leaves of greenhouse-grown plants. Each point on the x-axis represents an individual transformant. For each population, the T-DNA configuration is given above the graphs. The statistics describing the three popuiations are given in Table 1 . e Probability according to the t test for location in case of unequal variances (Sokal and Rohlf, 1981) compared with the corresponding control population LM5(NG).
-
Variance. Probability according to the F test for homogeneity of variances (Sokal and Rohlf, 1981) compared with the corresponding control population LM5(NG).
Fold reduction of variance with respect to the corresponding control population LMB(NG).
' (-) , control population. J lndication of probability value; " *, significant at P < 0.001; *, significant at P < 0.01; *, significant at P < 0.05.
I Not applicable.
Not significant (at P = 0.05). The natural logarithm (In) of the amount of NPTll in each individual transformant is plotted for each plant population, named according to the T-DNA construct contained. The value plotted is the mean (n = 4) of the natural logarithms of the activities in leaves of in vitro-grown plants.
Each point on the x-axis represents an individual transformant. For each population, the T-DNA configuration is given above the graphs. The statistics describing the three populations are given in Table 1 . For each of the three plant populations, the natural logarithm (In) of GUS activity is plotted against the natural logarithm of the amount of NPTll.
For each population, the T-DNA configuration is given above the graphs. Correlation coeffients are -0.14 for LMB(NG), +O.= for LMB(NAGA), and -0.21 for LMS(ANGA); all are not significant at P = 0.05.
border fragments, yielding the number of GUS and NPTll gene copies, respectively. T-DNA truncations were found in all populations, most notably in the LMB(NAGA) population (Figure 2) . A large variation in GUS activity was observed in LM5(NG) plants having the same GUS gene copy numbers. Despite the large variation, there was a significant negative correlation between GUS activity and GUS gene copy number (P < 0.001; Figure 6 ). In contrast, the subpopulations of LM9(ANGA) plants showed a significant reduction in the variation of GUS gene expression ( Figure 6 and Table 2 ). This reduction was fourfold for plants carrying one GUS gene copy and as high as 36-fold for plants carrying two GUS gene copies. However, all plants had approximately the same activity, and as a result, no relationship between GUS activity and GUS gene copy number was apparent ( Figure 6 ). The subpopulations of the LM8(NAGA) plants showed no significant reduction in the variation of GUS activity and no correlation with copy number ( Figure 6 and Table 2 ). The right border fragment data were used to analyze the relationship between the amount of NPTll and NPTll gene copy number ( Figure 7 and Table 3 ). Only in the few LM9(ANGA) plants with two copies of the NPTll gene was the slight reduction in the variation of the amount of NPTll significant. All other subpopulations were not significantly different from the corresponding LM5(NG) control population. Despite the overall high variation, the LM5(NG) copy number was positively correlated with NPTll activity (P < 0.01; Figure 7 ), but this does not hold true for the LM8(NAGA) and LMS(ANGA) populations.
DISCUSSION
The results presented here confirm the efficacy of the chicken lysozyme A element in reducing the variation of transgene expression in populations of transgenic tobacco plants. The T-DNA vector in which the chicken lysozyme A element is present at both border sequences yielded populations of primary transformants that showed highly significant and meaningful reductions of variability in transgene expression levels (Mlynárová et al., 1994 ; Figure 3 and Table 1 ). Moreover, the T-DNA vector showed a relative transformation efficiency higher than the corresponding vector without the A elements and yielded a high proportion of plants carrying one intact copy of the T-DNA (Figure 2) .
Evidence is accumulating that at least part of the observed variation in transgene expression levels is due to the organization of the T-DNA in repeat structures (Flavell, 1994) , notably inverted repeats (Hobbs et al., 1993) . By restricting statistical analyses to those plants carrying intact copies of the T-DNA, we showed that this cause of variation is not an important explanatory variable in our populations of transgenic plants. The 
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GUS copy number Figure 6 . GUS Activity as a Function of GUS Gene Copy Number.
For each of the three plant populations, the number of GUS gene copies, as determined by DNA gel blot analysis, is plotted against the natural logarithm (In) of GUS activity. Due to the way these data are plotted, not all points corresponding to individual plants are discernible. For each population, the T-DNA configuration is given above the graphs. The statistics describing the subpopulations of plants are given in Table 2 . Linear regression analysis was performed to fit the equation In(GUS activity) = C + r x In(copy), with regression parameters C (a constant estimating the level of GUS activity) and r (the slope giving the correlation between GUS activity and GUS gene copy number). This analysis yielded for the LM5(NG) population a C value of 3.8 (20.3) and an rvalue of -1.0 (k0.5). which was significant at P < 0,001; for the LME(NAGA) population, this yielded a C value of 4.0 (20.3) and an r value of -0.4 (20.7). which was not significant at P = 0.05; and for the LMS(ANGA) population, this yielded a C value of 4.2 (20.1) and an r value of -0.1 (kO.l), which was also not significant at P = 0.05.
reduction in the variation of gene expression is not promoter dependent, because similar reductions in overall variability of GUS gene expression were found with two different promoters:
the light-regulated promoter from the potato gene encoding apoprotein 2 of the light-harvesting complex of photosystem I (Lhca3.St.l; Mlynárová et al., 1994 ) and a vira1 promoter (dCaMV 35s; this study). This indicates, as predicted by the DNA loop model, that the flanking MAR elements establish a T-DNA configuration less susceptible to influences of chromatin in the topological vicinity of the integration site. Presumably, this results from the affinity of the A element for the nuclear matrix. However, the reduced variation in gene expression was not accompanied by copy number-dependent gene expression. Also, no domain of transcriptional regulation was observed. Cloning the A element around only the GUS reporter gene proved much less efficient in reducing the variation of gene expression. These observations may challenge the DNA loop model and are addressed in the following discussion.
Reduced Position Effect without Copy NumberDependent Gene Expression
Despite the significant reduction in the variation of GUS gene expression, virtually all plants of the LM9(ANGA) population had the same high level of GUS activity, irrespective of the number of T-DNA copies integrated ( Figure 6 and Table 2 ). This is surprising, because position-independent gene expression is predicted to result in copy number-dependent gene expression (Stief et al., 1989; Schlake et al., 1994) . In transgenic animal studies, copy number dependence of gene expression is usually taken to indicate a lack of position effects (e.g., Bonifer et al., 1990; Schedl et al., 1993) . In the case of the dCaMV 35s promoter in transgenic tobacco plants, the reduction of position effects is apparently uncoupled from copy number dependence of transgene expression. The particular promoter is important because the Lhca3.St.l promoter revealed a copy number dependence of gene expression after the variation in gene expression was reduced (Mlynárová et al., 1994) . The weaker single CaMV 35s promoter was reported to yield additive expression levels in tobacco plants (Hobbs et al., 1993) and high copy number expression in tobacco calli (Allen et al., 1993) . The level of gene expression does not seem to be involved, because the Lhca3.St.l promoter is considerably stronger than the dCaMV 35s promoter (Nap et al., 1993b) .
Dosage Compensation
It could be argued that proof of position independence requires only that all plants carrying the same number of gene copies give the same level of expression (see Reitman et al., 1990) . The identical expression level over a range of copy numbers then indicates that the individual copies of the transgene are expressed unequally. The lack of copy number-dependent gene expression is reminiscent of the dosage compensation observed for the alcohol dehydrogenase alleles in maize (Birchler, 1981) . It may be a plant counterpart of the X-linked dosage compensation observed in various organisms; regulation of this dosage compensation was recently linked to chromatin structure (Chuang et al., 1994) . At this point, severa1 scenarios are conceivable to explain the apparent dosage compensation. A MAR-mediated chromatin opening (Laemmli et al., 1992) may ensure optimal access for all required frans-acting factors, one of which is limiting. This implies that there is only a limited number of active genes (in this case, one) and that all other identical transgenes are silent. Alternatively, transgenes may interact in an as yet undetermined manner in which the number of interacting genes may be less important than the level of the final product. Silencing phenomena indicate that genes in the interphase nucleus interact and turn each other off (Kooter and MOI, 1993) .
Conversely, genes may interact and coordinate their expression. Possibly, the perturbation of this coordination results in trans inactivation. The interaction may be related to the RNA threshold level model put fofward for sense suppression in plants (Smith et al., 1994) . This model seeks to explain the reaction of plant cells to vira1 stress, but it may describe a more regular cellular surveillance system. In either case, it would be gene regulation on the level of epigenesis (Strohman, 1994) , which is beyond the level of regulation imposed by a MARmediated DNA loop. To verify the apparent dosage compensation, we are investigating the relationship between copy numbers and the resulting expression levels by more classical genetics.
In the LM5(NG) population, higher copy numbers yielded significantly lower GUS activities, despite the large variation in the subpopulations ( Figure 6 and Table 2 ). This inverse correlation in the LM5(NG) population may be due to one or a combination of the various gene-silencing phenomena described for transgenes in plants (Finnegan and McElroy, 1994; Flavell, 1994) . If so, the distribution of GUS gene expression in the LMS(ANGA) population indicates that the A elementgenerated loop may circumvent the occurrence of such silencing phenomena. A similar link between silencing and MAR protection was suggested by Allen et al. (1993) , based on GUS expression data in tobacco calli.
Establishing a Genomic Unit of Transcriptional Regulation
The DNA loop hypothesis predicts that MAR elements generate a loop of DNA that establishes a unit of transcriptional regulation (Laemmli et al., 1992) . The scattergram of GUS activity against the amount of NPTll in the case of the LMS(NG) population ( Figure 5 ) suggests that the position effects exerted 
LMB(NG).
Probability according to the F test for homogeneity of variances (Sokal and Rohlf, 1981) compared with the corresponding control population (-) , control population.
Not significant (at P = 0.05).
i Not applicable. 
NPTII copy number Table 3 . Linear regression analysis was performed to fit the equation In(NF'TI1 amount) = C + r x In(copy), with regression parameters C (a constant estimating the amount of NF'TII) and r (the slope giving the correlation between the amount of NPTll and NPTll gene copy number).
This analysis yielded for the LM5(NG) population a C value of 7.3 (20.3) and an rvalue of 0.6 (+0.5), which was significant at P < 0.01; for the LMB(NAGA) population, this yielded a C value of 7.1 (k0.3) and an rvalue of 0.3 (-c0.6), which was not significant at P = 0.05; and for the LMS(ANGA) population, this yielded a C value of 7.7 (k0.4) and an r value of 0.2 (k0.5), which was also not significant at P = 0.05.
on each of these genes are independent. Theoretically, the GUS and " 11 activities of ali plants with the same copy number should cluster into a single point when position effects are fully eliminated. The results with the LM9(ANGA) plants showed that only the variation in GUS gene activity was reduced. Although it cannot yet be formally excluded that the nopaline synthase (nos) promoter is an exception with respect to the reduction in variability, our results obtained with the unrelated dCaMV 35s and Lhca3.St.l promoters, as well as results obtained with the nos promoter in callus (Breyne et al., 1992a) , suggest that the phenomenon of reduced position effect is independent of the promoter sequence. If so, the lack of reduction in the variability of NF'Tll gene expression shows that the presente of genes on one and the Same loop is no guarantee of MAR efficacy. However, both the presence of a selection bias for NPTll activity and the distance to the A element must be taken into account to explain the lack of a reduction in the variability of the amount of NPTII.
Selection Bias for NPTll Gene Expression
The variation in the amount of NPTll is relatively low in the LM5(NG) population (Table l) , possibly due to a selection bias for NPTll gene expression. Kanamycin selection during transformation requires that shoots express the NPTll gene above acertain threshold level. This creates aselection bias against plants with low NPTll levels. It is therefore conceivable that a putative MAR-mediated reduction of variation in NPTll expression is obscured by selection against low expressers in the LM5(NG) population. Such low expressers would not be present in the LM9(ANGA) transformation dueto the supposed MAR infiuence on the expression of the NPTll gene. As a result, populations would not appear to differ in variation. The higher relative transformation efficiency observed for pLMS(ANGA) (Figure 2 ) further supports the notion that the A element is influencing NPTll gene expression. Despite the obvious selection bias, the remaining variation above the threshold level of NPTll gene expression is considerable (Figure 7 ), indicating that selection bias alone cannot fully account for the lack of a reduction in the variability of NPTll gene expression.
Physical Distance to the MAR Element
Previously, we hypothesized that the size of the MAR-generated loop was important for MAR efficacy. However, when considering all four A element-containing T-DNA vectors evaluated in transgenic plants to date (see also Mlynárova et al., 1994) , the physical distance between the promoter and the A element becomes an additional explanatory variable. Whenever the MAR element is physically near a promoter, that is, Lhca3.St.1, dCaMV 35S, or nos, the gene controlled by such a promoter is less subject to a reduction in variability of expression. The affinity of the A element for the nuclear matrix may force a promoter to be to0 close to the matrix for optimal functioning. Alternatively, the A element sequence may interfere with transcription. The 3' region of the A element used in our constructs, a 660-bp Haell-Sacl fragment, consists of DNA with a strongly curved structure with almost no affinity for the nuclear matrix (von Kries et al., 1990) . It has been hypothesized that this curved DNA guides the DNA away from the nuclear matrix or serves as a binding site for nucleosomes (von Kries et al., 1990) . Possibly this curved DNA interacts with the nearby promoter. This interaction may interfere with transcription factor binding and/or formation of an active transcription complex, resulting in unpredictable transcriptional activity. Topological interactions between MARs and promoters have been concluded from animal in vitro studies as well (Schlake et al., 1994 ).
An empirical indication that the distance to the A element is important comes from the analyses of plant populations in which the A element is immediately adjacent to a promoter. For the 2-kb Lhca3.St.l promoter (population carrying the pBA T-DNA vector; see Mlynárová et al., 1994) , the overall reduction in position effect variability was threefold. For the 0.8-kb dCaMV 35s promoter, this was reduced to a twofold reduction (LM8(NAGA) population; Table 1 ). No clear reduction was observed for the 0.3-kb nos promoter (LMS(ANGA) population; Table l), even after taking the selection bias into account (see previous discussion). Currently, we are planning new T-DNA vectors that will allow a more direct evaluation of the role of the curved DNA in transgenic plants.
Boundary Elements, Chromatin Dynamics, and Plant Transgene Expression
In various systems, a great many different boundary elements have been characterized in recent years. All boundary elements influence the expression of genes located nearby but differ in characteristics. Therefore, it is becoming clear that different types of boundaries exist, and these may have different consequences for the regulation of gene expression (Lewin, 1994) . The A element as MAR sequence is considered to anchor DNA mechanically to the nuclear matrix; as such it is only one of the various boundary elements now known. Taking the complexity of chromatin dynamics into account (Laemmli et al., 1992) , it is surprising that one such element has so significant an influence on the distribution of gene expression in mature transgenic tobacco plants. This is more surprising in view of recent experiments using the full chicken lysozyme locus in transgenic mice; the results of these experiments failed to show clear chromatin organizing activity of the very same A element (Huber et al., 1994) . A putative role of the A element in suppressing ectopic expression is suggested (Bonifer et al., 1994) . Despite all the unknowns with respect to the precise molecular mechanism underlying A element action, the action itself in reducing position effects on transgene expresSion in transgenic tobacco plants is clear. It, therefore, seems attractive to use the type of T-DNA vector described here for practical applications. Moreover, the relative ease by which transgenic plants can be obtained and analyzed both molecularly and genetically makes plants attractive for the continued study of the action of such boundary elements in a mature organism. As shown in this study, more delicate mechanisms of gene regulation may be hidden underneath the positional variation in transgene expression; these include topological constraints for promoter action or gene dosage compensation.
LBA4404 in a biparental mating as described previously (MlynBrovA et al., 1994) .
Quantitative Gene Assays and Statistics
Fluorometric GUS assays of both in vitm-and greenhouse-grown plants were performed as described previously (M1ynBrovB et al., 1994) . Each plant was assayed four times. GUS activity is expressed as picomoles of methylumbelliferone per minute per microgram of soluble protein.
The amount of NPTll in in vitro-grown plant material was determined using an NPTII-ELISA kit (5 Prime -3 Prime Inc., Boulder, CO). This kit was used essentially according to the manufacturer's recommendations and published modifications (Nagel et al., 1992) , employing 50 pg of soluble protein per assay. Each plant was assayed four times, with the amounts of NPTll expressed as femtogram of NPTll protein per microgram of soluble protein. Analyses of the expression data are based on the natural logarithm of the respective activity to give a normal distribution (Nap et al., 1993a) . Statistical analyses were performed with the program Genstat 5 (Payne et al., 1987 (Payne et al., , 1990 ).
METHODS
T-DNA Copy Number Determination Plant Material and Transformation
Tobacco (Nicotiana tabacum cv Petit Havana SR1) plants were grown and transformed with Agrobacferium fumefaciens using the leaf disc All procedures, restriction enzymes, and probes used were as described previously (MlynBrovB et al., 1994) . transformation procedure (Horsch et al., 1985) as described previously (MlynlrovB et al.. 1994) . To ensure independent transformation events, ACKNOWLEDGMENTS no more than one shoot was harvested from each side of the ieaf discs. Selection during transformation was with 50 pglmL kanamycin, and excised shoots that rooted in the presence of this concentration of kanamycin were considered transgenic.
T-DNA Vector Construction
To obtain pLM5(NG), the cauliflower mosaic virus (CaMV) 35s promoter from pRT103 (Topfer et al., 1987) was first doubled by cloning the blunt-ended Hindlll-EcoRV enhancer fragment in the Hincll site. Subsequently, the double CaMV (dCAMV) 35s promoter as a HindlllNcol fragment and the P-glucuronidase (GUS) gene-nopaline synthase (nos) terminator from pPATGUS16 (Nap et al., 1992) as an Ncol-EcoRI fragment were ligated into Hindlll-, EcoRCdigested pBluescript SK+ (Stratagene). The dCaMV 35s promoter-GUS gene fusion was subsequently cloned as an Sall-BamHI fragment into pBIN19 (Bevan, 1984) to yield pLMS(NG). To obtain pLMB(NAGA), the A element from pUC-6-1-X1 (Phi- Van and Stratling, 1988) was isolated as a BamHI-Xbal fragment, blunt ended, and cloned into the Smal site of pUC19, and the desired orientation was selected. Subsequently, the Sall-BamHI promoter-GUS gene fragment from pLM5 was cloned upstream of the A element. In this manner, an Sall-Asp7181 fragment was generated that carried the dCAMV 35s promoter-GUS-A element combination. This SallAsp718I fragment was cloned together with the A element as a BamHI-Sal1 fragment from pUC-6-1x1 in BamHI-, Asp7lBLdigested pBIN19 to generate pLMB(NAGA). The same Sall-Asp7181 fragment was cloned in the pBIN19 derivative carrying the A element upstream of the neomycin phosphotransferase (NPTII) gene that was described previously (MlynlrovB et al., 1994) to yield pLMS(ANGA). The overall characteristics of the three plant transformation vectors are depicted in Figure 1 . Standard cloning techniques (Sambrook et al., 1989) were
